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LYMPHOCYTE FUNCTION ANTIGEN-1 ANTAGONISTS 

The present invention relates to compounds which bind to all or parts of the active binding 
"south pole pocket*' of the LFA-1 1-domain and their uses as LFA-1 antagonists. 

The lyn5)hocyte function associated antigen LFA-1 belongs to the P2-integrins and plays an 
important role in T-cell activation and extravasation. Interactions of LFA-1 with its counter- 
receptors on endothelial and antigen presenting cells such as ICAM-1 or ICAM-3 are an 
in^ortant process in leucocyte endothelial cellular adhesion and migration which mediates 
disorders or diseases, e.g. autoimmune diseases, inflammation, ischemia/reperftision injury 
and graft rejection after transplantation. 

The so-called I-domain (Inserted Domain) of LFA-1 comprises a module of about 190 amino 
acids (Takada et al., Matrix Biology, 16, 143-151, 1997). The I-domain folds into a common 
structural motif comprising a central P-sheet surrounded by helices as determined by X-ray 
crystallography. (A. Qu & D. Leahy, Proc. Natl. Acad. Sci. USA, 92, 10277-10281, 1995). 

Compactin and Mevinolin are ftingal metabolites which have following formula: 




Contact in 
Mevinolin 



Rm 



They are disclosed e.g. by Y. Chapleur in "Progress in the Chemical Synthesis of Antibiotics 
and Related Microbial Products", Springer Veriag, 1993, vol. 2, 829-937. 
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Mevinolin and most of the known analogues, e.g. pravastatin, mevastatin, simvastatin etc. 
have been found to be useful e.g. as 3-hydroxy-3-methyl glutary] coenzyme A reductase 
(HMG CoA R) inhibitors. 

In accordance with the present invention, it has now surprisingly been found that mevinolin 
and derivatives thereof bind to LFA-1. Accordingly, the invention provides compounds for 
use in the treatment or prevention of autoimnaune diseases, inflammation, 
ischemia/reperfiision injury and graft rejection which are preferably specific or substantiaUy 
specific LFA-1 binding molecules, e.g. specific or substantiaUy specific inhibitors of LFA- 
mCAM-l or ICAM-3 interactions. Such compounds are preferably other than LFA-1 
antibodies. 

More particularly, it has been found that mevinolin binds to tiie LFA-1 1-domain between the 
C-terminal helix a7 and one side of the p-sheet (hereinafter the "south pole pocket"). X-ray 
analysis of the complex of LFA-1 I-domain with mevinolin shows that mevinolin does not 
bind to the MIDAS-site ("metal ion dependent adhesion site"). 

The complex, LFA-1 I-domain/mevinolin, is prepared by adding mevinolin (lOOmM solution 
in DMSO) to the protein solution (12.7mg/ml. lOOmM MgS04), foUowed by crystallization. 
The structure is solved by molecular replacement (using the coordinates of apo LFA-I I 
domain, A. Qu & D. Leahy, above) and has been refined to a R factor of 19.4% (R,^ = 
25.9%) using X-ray ampUtudes in the resohition range 8A-2.6 A. The final model contains 2x 
182 amino acids (amino acid residues 128 to 309 of the a-chain of LFA-1 which corresponds 
to the I-domain), 2 mevinolin molecules and a total of 86 water molecules. 

Data collection statistics 



LFA-1 I-domain Mevinolin 



Temperature 



293K 



0 
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3 



Wavelengn 


1.5418A 


Kesoiution range 


15.0A-2.60A 


Spacegroup 


P2i2i2i 


unii C6JJ uiiiicnsiiuiid 


Z=II.IK, 0=/ /./A, C=yi.oA 


jyiCaSureniciiLS usea 


o/l /y 


Unique reflections 


16457 


Completeness 


99.9% (99.8% in shell 2.69A-2.60A) 


Multiplicity 


5.3 (5.2) 


Average I/sig(I) 


13.9 (2.1) 


Rmerge 


11.6% (48.4%) 



The south pole pocket is a cavity between one side of the central p-sheet (amino acids of Pi, 
p3, p4, p5, preferably the side chains of such amino acids) and the a-helices ai, a? (secondary 
structure of LFA-1 I-domain). Preferably the south pole pocket is the cavity defined by amino 
acids Val 130, Leu 132, Phe 134, Phe 153, Val 157, Leu 161, Tyr 166, Thr 231, Val 233, He 
235, He 255, Tyr 257, He 259, Lys 287, Leu 298, Glu 301, Leu 302, Lys 305, particularly 
Uu 132, Phe 153. Val 157, Val 233, lie 235, Tyr 257, He 259, Lys 287, Leu 298, Glu 301, 
Leu 302, Lys 305 of LFA-1 I-domain, more particularly by the side chains of such amino 
acids. In this pocket, the non-hydrogen atoms of mevinolin preferably interact within a 
distance of < 5A, particularly 4-4.5A. 

The complex south pole pocket/mevinolin is energetically favored by hydrophobic, van der 
Waals and/or electrostatic interactions and possibly also by indirect hydrogen bonding. 

As it will be appreciated, there are 2 complexes LFA-1 I-domain/mevinolin per asymmetric 
unit which are related by a non-crystallographic twofold axis. Figure 1 shows the monomeric 
part of the LFA-1 I-domain dimer as found in the asymmetric unit of the crystal together with 
the carboxy terminal region of the neighbouring monomer; the mevinolin ligand is shown as 
CPK-models. Figure 2 depicts the close-up of the south pole pocket of LFA-I domain with 
mevinolin. 
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As a result of its shape the south pole pocket as defined above favorably associates not only 
with mevinolin but with other chemical entities or ligands. Such entities or compounds are 
LFA-1 inhibitors or LFA-l/ICAM-1 or ICAM-3 interaction inhibitors. 

The present invention provides any chemical entity or ligand, which binds in whole or in part 
to the south pole pocket of LFA-1 1-domain as defined above. Preferably the chemical entity 
or Ugand interacts within a distance < 5A, particularly 4-4.5A. Suitable examples of such 
chemical entities include e.g. mevinolin derivatives. The elucidation of the mevinolin binding 
interactions on the LFA-1 1-domain south pole pocket provides the necessary information for 
designing new chemical entities and conqjounds that may interact in whole or part with the 
south pole pocket. Thus, the present invention permits the use of molecular design techniques 
e.g. computer modeling techniques, as a means of kientifying, selecting and designing 
chemical entities or compounds capable of binding to the south pole pocket. 

The design of compounds that bind to the south pole pocket according to the invention 
generaUy involves consideration of two factors. First, the entity must be capable of physically 
and structuraUy associating with parts or all of the south pole pocket. Non-covalent molecular 
interactions important in this association include hydrophobic, van der Waals interactions, 
hydrophobic interactions and/or electrostatic interactions and possibly also hydrogen bonding. 

Second, the entity must be able to assume a conformation that aUows it to associate witii Uie 
soutii pole pocket directly. Although certain portions of the entity will not directly participate 
in these associations, those portions of the entity may still influence the overaU conformation 
of the molecule. This, in turn, may have a significant impact on potency. Such conformational 
requirements include the overall three-dimensional structure and orientation of the chemical 
entity in relation to aU or a portion of the south pole pocket, or the spacing between 
fiinctional groups of an entity con5)rising several chemical entities that directly interact with 
the south pole pocket. 

The chemical entities which interact in whole or in part with the soutii pole pocket, preferably 
in a way similar to that of mevinolin may fimher be tested for their ability to inhibit LFA- 
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1/ICAM-l or ICAM-3 interactions, using the Jurkat or Hut 78 cell assay described below 
under A). Representative compounds which bind to the south pole pocket according to the 
invention are those which inhibit the adhesion of Jurkat or Hut 78 cells to ICAM-1 with an 
IC50 ^ 30)LiM. These compounds are indicated as LFA-1 antagonists or LFA-l/ICAM-1 or 
ICAM-3 interaction inhibitors. 

Preferred conqwunds of the invention for use in accordance with the invention are mevinolins 
(hereinafter referred to as "mevinolins of the invention"), preferably those having no or only 
limited HMG CoA R inhibitory activity. 

Accordingly, the invention provides: 

1. A compound for use in the treatment and/or prevention of autoimmune diseases, acute 
or chronic inflammatory diseases, ischemia/reperfusion injury, acute or chronic rejection 
of organ or tissue alio- or xenografts or infection diseases by virtue of its LFA-1 
inhibitory activity. 

1.1 A compound for use in the treatment and/or prevention of autoimmune diseases, 
acute or chronic inflammatory diseases, ischemia/reperfusion injury, acute or 
chronic rejection of organ or tissue alio- or xenografts or infection diseases, the 
compound binding in whole or part to the south pole pocket, e.g. as defined 
above, e.g. with an interaction at a distance < 5A, preferably 4-4.5A. 

1.2 Mevinolins for use in the treatment and/or prevention of autoimmune diseases, 
acute or chronic inflammatory diseases, ischemia/reperftision injury, acute or 
chronic rejection of organ or tissue alio- or xenografts or infection diseases, by 
virtue of their LFA-1 inhibitory activity. 

1.3 Mevinolins for use in the treatment and/or prevention of autoimmune diseases, 
acute or chronic inflammatory diseases, ischemia/reperfusion injury, acute or 
chronic rejection of organ or tissue alio- or xenografts or infection diseases. 
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which bind in whole or in part to the south pole pocket, e.g. as defined above, 
e.g. with an interaction at a distance < 5A, preferably 4-4.5A. 

1.4 Mevinolins for use in the treatment and/or prevention of autoimmune diseases, 
acute or chronic inflanraiatory diseases, ischemia/reperfusion injury, acute or 
chronic rejection of organ or tissue aUo- or xenografts or infection diseases, 
according to 1.2 or 1.3, which inhibit HMG CoA R activity with an IC50 > l\iM 
in the InVitro Microsomal Assay of HMG CoA R Inhibition as disclosed below. 

2. A method for producing a chemical entity or Ugand which associates with the LFA-1 I- 
domain south pole pocket conqnising the steps of: 

a. enq)loying conqjutational means to perform a fitting operation between the 
chemical entity and the south pole pocket; and 

b. analyzing the results of said fitting operation to quantify the association between 
the chemical entity and the south pole.pocket. 

In Vitro Microsomal As say of HMG-CoA Reductase Inhibition 

200 \L\ aUquots (1.08-1.50 mg/ml) of rat liver microsomal suspensions, freshly prepared from 
male Spargue-Dawley rats (150-225 g body weight), in Bufifer A with 10 mmol dithiothreitol 
are incubated with 10 ^l test substance dissolved in dimethylacetamide and assayed for HMG 
CoA R activity as described by Ackerman et al., J Lipid Res. 18, 408-413 (1977). In the assay 
the microsomes are the source of the HMG CoA R enzyme which catalyses the reduction of 
HMG CoA R to mevalonate. The assay employs a chloroform extraction to separate the 
product, ["•Cjmevalonolactone, formed by the HGM CoA R reaction from the substrate, 
["*C]HMG-CoA. [^Hlmevalono-lactone is added as an internal reference. Inhibition of HMG 
CoA R is calculated from the decrease in specific activity ['"a^Hlmevalonate of test 
substances compared to controls and is expressed as ICso (concentration of test substance 
which inhibits 50% of HMG CoA R activity). 

The utility of the compounds of the invention, e.g. the mevinolins of the invention as 
inhibitors of LFA-l/ICAM-1 or ICAM-3 interactions may be demonstrated in following 
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test methods: 

A. In vitro 

Jurkat or Hut 78 ceUs obtained from ATCC and cultured in RPMH640 supplemented 
with 10% FCS, L-glutamine, non essential amino acids and O.OSmM 2-mercaptoethanol, 
are centrifiiged, washed once in PBS, and resuspended at 0,5x10* cells/ml in binding buffer 
(1.5% BSA, 5mM glucose, 2mM MgCk. 2ml MnCfc in TBS, pH 7) containing 5^g/ml 
BCECF-AM (Molecular Probes). The cells are incubated at 37'^C for 30-45 min. in the 
dark. Then the cells are centrifuged and resuspended in binding buffer by pipetting and 
immediately used for experiment. 

Flat well microtiter plates (NUNC Maxisorp) are coated with l|iig/ml goat anti-mouse Ck 
(Bioreba, South.Biot.) in carbonate buffer (15mM NaaCOs, 35mM NaHCOa, pH8.0) 2 
hours at 37**C. The plates are emptied and blocked with 1.5% BSA and 0.5% Tween-20 in 
carbonate buffer for 90 min. at 3TC. The plates are emptied and washed once in TBS 
containing, 1.5% BSA. Baculovirus derived ICAM-1 mouse Ck fiision protein (lOOng/ml 
in TBS/L5% BSA) is added to the wells. The plates are incubated for 90 min. at 37°C. 
After three washes with TBS/1.5%BSA, the compound to be tested is diluted in binding 
buffer (as above but free from BSA and glucose) and added to the wells. Then 100 000 
Jurkat or Hut 78 cells/wefl are added and allowed to adhere for 30 min. at 3TC, Adherent 
cells are separated from non-adherent cells by 2-4 washes using binding buffer. Adherent 
ceUs are quantified with a fluorescence ELISA reader Cytofluorll with the filters set at 
485nm and 530nm emission. 

In this assay, con5)ounds of the invention inhibit adhesion of the Jurkat or Hut 78 cells to 
ICAM-1 with an IC50 ^ 30 fiM, preferably 0.05 to 30 ^iM. 

B. In vivo 

i) Murine ThioglycoUate Induced Peritonitis 
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ThioglycoUate is injected i.p. to mice and immediately thereafter the conqwund to be 
tested is given s.c.. The mice are killed after 4 hours, the peritoneal cavity lavaged and the 
total number of neutrophils in the lavage fluid is determined. 

In this assay, the conq)ounds of the invention, e.g. mevinolins inhibit thioglycollate induced 
neutrophil migration when administCTed s.c. at a dose of fix)m 0.0)1-50 mg/kg. 

ii) Ischemia/Reperfiision Injury 

The conqjounds may be tested in a model of heart ischemia/reperiusion injury (Abdeslam 
Oubenaissa et al.. Circulation, 24, Suppl. n, 254-258, 1996) or as follows: 

Mice weighing 20 - 25 g are anaesthetized with isoflurane and the right renal vessels are 
clamped using microvascular clamps for 60 min. After 60 min of ischemia, the 
microvascular clamps are removed. The left renal vessels (renal artery, vein and ureter) are 
ligated using a 4-0 surgical suture. The left (nonischemrc) kidney is removed, and the 
abdominal cavity closed with 3-0 surgical suture. Sham groups undergo the same 
procedures as the ischemia group, but without clanq)ing of the reight renal vessels. 

Animals are sacrified by CO2 inhalation at 24 h, 1 week and 2 weeks foUowing reperftision. 
Blood sanq>les are collected by cardiac puncture mto a 3.0 ml Vacutainer® tube (Becton- 
Dickensen ) containing 0.04 nnl of a 7.5% sohitio of K3 EDTA fanmediately after sacrifice. 
Plasma is separated and stored at -20''C until fiirther analysis. Plasma creatinine and blood 
urea nitrogen (BUN) are analysed using Sigma procedures. FoUowing sacrifice, the kidney 
is flushed with physiological saline, immediately snap-frozen in Uquid nitrogen and stored 
at -TCC until analysis. Myeloperoxidase activity (MPO) in the kydney is measured 
according to the method of Bradley et al (J. Invest. Dermatol., 25, 206-209, 1982). 

In this model, the compounds of the invention, e.g. the mevinolins reduce plasma 
creatinine and blood urea nitrogen when administered at a dose of 0.001 to 50 mg/kg, 
particularly for 4 days prior to ischemia. 
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iii) Vascularized heterotopic heart transplantation 

Mice donor hearts are implanted onto the recipients abdominal vessels: brachiocephalic 
trunk to aorta and right puteionary artery to inferior vena cava with end-to-side 
anastomoses using 11/0 Ethilon (Ethicon, Norderstedt, Germany) continuous sutures. 
Animals are closed in two layers with 6/0 Vicryl (Ethicon) and kept warm untD fiiUy 
recovered. Total ischaemia times are in the range of 40-50 min of which 25-35 min are at 
4'*C. During anastomosis (10-15 min) the graft is kept cold. 

After transplantation, graft fiinction is monitored by daily assessment of graft beat 
(palpation). Rejection is considered to be complete when heart beat stops. In all 
experiments rejection is confirmed by histological examination of the grafts. Significant 
improvements of graft ftmction are obtained in animals treated with a conq)ound of the 
invention, e.g. a mevinolin, administered at daily a dose ^ 50 n^g/kg. 

The compounds of the invention, e.g. the mevinolins of the invention are, therefore, useftil in 
the treatment and/or prevention of diseases or disorders mediated by LFA-lACAM-1 
interactions e.g. ischemia/reperfiision injury e.g. myocardial infarction, stroke, gut ischemia, 
renal failure or hemoniiage shock, acute or chronic rejection of organ or tissue alio- or 
xenografts, acute or chronic inflammatory or autoimmune diseases, e.g. rheumatoid arthritis, 
asthma, allergy conditions, dermatological diseases, e.g. psoriasis, contact dermatitis, adult 
respiratory distress syndrome, inflammatory bowel disease and ophthahnic inflammatory 
diseases, infection diseases such as septic shock, traumatic shock. 

For the above uses the required dosage will of course vary depending on the mode of 
administration, the particular condition to be treated and the effect desired. In general, 
however, satisfactory results are achieved at dosage rates of from about 0.5 to 80 mg/kg 
animal body weight. Suitable daily dosage rates for larger mammals, for example humans, are 
of the order of fi-om about 20 mg to 1.5 g/day, e.g. 100 mg to 1,5 g/day conveniently 
administered once, in divided dosages 2 ot 4 x / day, or in sustained release form. Unit dosage 
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forms suitably comprise from about 5 mg to 0.750 g of a compound of the invention, together 
with a pharmaceutical acceptable dihient or carrier therefor. 

The mevinolins of the invention may be administered iii free form or in pharmaceutically 
acceptable salt form e.g. acid addition salts or alkali salts such as sodfam) or potassium, or 
substituted or unsubstituted ammonium salts. Such salts may be prepared in conventional 
manner and exhibit the same order of activity as the free compounds. 

In accordance with the foregoing the present invention further provides: 

3. A method for preventing or treating disorders or diseases mediated by LFA-l/ICAM-1 
interactions, e.g. such as indicated above in a subject in need of such treatment, which 
method comprises administering to said subject an effective amount of a compound of 
the invention, e.g. a mevinolin of the invention or a phannaceuticaDy acceptable salt 
thereof; 

4. A pharmaceutical composition for use in the method as in 3) above comprising a 
compound of the invention, e.g. a mevinolin in free form or pharmaceutically acceptable 
salt form in association with a pharmaceuticaUy acceptable diluent or carrier dierefor. 

5. A conq)ound of the invention, e.g. a mevinolin or a pharmaceutically acceptable salt 
thereof for use in the preparation of a pharmaceutical composition for use in the method 
as in 3) above. 



The pharmaceutical conpositions may be manufactured in conventional 



manner. 



The compounds of the invention, e.g. the mevinolins of the invention may be administered by 
any conventional route, for exanple enterally, preferably oraUy, e.g. in the form of tablets or 
capsules or parenterally e.g. m form of injectable solutions or suspensions, or in a nasal or a 
suppository form. 



wo 99/11258 



PCT/EP98/05415 



11 

The mevinolins of the invention may be administered as the sole active ingredient or together 
with other drugs in immunomodulating regimens or other anti-inflammatory agents for the 
treatment or prevention of alio- or xenograft acute or chronic rejection or inflammatory or 
autoimmune disorders. For exampk, they may be used in combination with cyclosporins, 
rapamycins or ascomycins, or their immunosuppressive analogs, e.g. cyclosporin A, 
cyclosporin G, FK-506, rapamycin, 40-O-(2-hydroxy)ethyI-rapamycin etc.; corticosteroids; 
cyclophosphamide; azathioprene; methotrexate; brequinar; FTY 720; leflunomide; mizoribine; 
mycophenolic acid; mycophenolate mofetil; 15-deoxyspergualine; immunosuppressive 
monoclonal antibodies, e.g., monoclonal antibodies to leukocyte receptors, e.g., MHC, CD2, 
CDS, CD4, CD7, CD25, CD28, B7, CD45, or CD58 or their ligands; or other 
immunomodulatory compounds, e.g. CTLA4Ig, or other adhesion molecule inhibitors, e.g. 
mAbs or low molecular weight inhibitors including Selectin antagonists and VLA-4 
antagonists. 

Where the mevinolins of the invention are administered in conjunction with other 
immunosuppressive / inununomodulatory or anti-inflammatory therapy, e.g. for preventing or 
treating chronic rejection as hereinabove specified, dosages of the co-administered 
immunosuppressant, immunomodulatory or anti-inflammatory compound will of course vary 
depending on the type of co-drug employed, e.g. whether it is a steroid or a cyclosporin, on 
the specific drug en^loyed, on the condition being treated and so forth. In accordance with 
the foregoing the present invention provides in a yet farther aspect: 

6. A method as defined above comprising co-administration, e.g. concomitantly or in 
sequence, of a therapeutically effective amount of a mevinolin of the invention in free 
form or in pharmaceutically acceptable salt form, and a second drug substance, said 
.second drug substance being an immunosuppressant, immunomodulatory or anti- 
inflammatory drug, e.g. as indicated above. 

7. A kit or package for use in any method as defined under 3) above, comprising a 
mevinolin of the invention, in fi-ee form or in pharmaceutically acceptable salt form, 
with at least one pharmaceutical composition comprising an immunosuppressant. 
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immunomodulatory or anti-inflammatory drug. The kit or package may comprise 
instructions for its administration. 

Representative mevinolins for use in accordance with the invention are thbse comprising a 
moiety of formula A 

^ ^ 




2 

a 



i-'p 



which is further substituted in positions 4 and 5 and optionally in positions 6 or 7, each of a— 
b and a— P, independently being a single or double bond. Each of a-b and a— p may also 
be part of a cyclopropyl group. The moiety of formula A may be substituted in positions 4, 5. 
6 and/or 7 with one or more substituents as described in literature for known mevinolins, e.g. 
as disclosed by Y. Chapleur (see above). Preferably the substituent in position 4 is a 
substituted methyl group. Preferably the substituent in position 5 is linked via -*0-C0- to the 
bicyclic residue; more preferably it is -*0-C0-R2 wherein 

R2 is C-Cg alkyl, C3.7 cycloalkyl, aryl, heteroaryl, C3.7 cycloalkyl-C,^ alkyl, aryl-CM alkyl 
or heteroaryl-CM alkyl. 



Preferred mevinolins of the invention for use as LFA-1 antagonist are compounds of formula 
I 




I 



wherein 

R2 is as defined above, 
Rt is 
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Ra is H; alkyl; C,^ alkyl substituted by OH or Cm alkoxy; C24S alkenyl; or aryl-Ci 
alkyl; 

R3 is a radical of formula (i), (ii), (iii) or (iv) 



(i) (ii) 




or 




wherein Xi and Y, are (H,H), (H,OH) or =0; 

X2 and Y2 are =0 or (R,R) wherein each R independently is H, C1.3 alkyl, 
substituted C1-3 alkyl or X2 and Y2 form together with the cabon atom 
to which they are bound a 4-, 5-, 6- or 7- membered carbo- or 
heterocyclic residue, 

R4 is ORa wherein Ra is as defined above; or -O-CORb wherein Rb is C1.8 
alkyl optionally substituted by OH, C3-7 cycloalkyl, 
C3-7 cycloalkyl-CM alkyl, aryl, aryl-CM alkyl, heteroaryl or 
heteroaryl-CM alkyl; or NRcRd wherein each of Rc and R<,, 
independently, is Ci.6alkyl or form together with the nitrogen to 
which they are bound a heterocyclic radical optionally comprising an 
oxygen or another nitrogen atom; 

R5 is H, Cm alkyl, C3.9 alkenyl, C3.9 alkynyl, aryl-C,^ alkyl, or C3.7 
cycloalkyl-CM alkyl; 

R6 is -CHRirCO-NRj2Ri3 wherein Ru has one of the significances as 
given for K$ and each R12 and R13, independently, is H, Cm alkyl, or 
substituted Cm alkyl; 

R7 is =0 or (H,OH); 
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Rg is OR,; or NReRf wherein each of K and Rf, independently, is H, 
Ci-ealkyl, Ci^alkyl substituted by OH or CMalkoxy, or a 5-membered 
heterocyclic residue; 

or R7 and R« together form a dioxy-CMalkylene group or -0-C0-0-; 

R9 has one of the significances given for R5; 

Rio is COOR,; CHaORc wherein Rc is Ra or CORb; or CONR,4R,s or 
CH2NR14R15 wherein each of Ru and Ris independently is CMalkyl, 
hydroxy substituted CMalkyl. carbamoyl-methyl, (CMalkyl)- 
carbamoyl-methyl or di(CMalkyl)-carbamoyl-methyl, or one of R,4 
and R,5 is hydrogen and the other is C^alkyl, CMalkyl substituted by 
OH and/or a group selected from carbamoyl, (CMalkyl)-carbamoyl, 
di(CMalkyl)-carbamoyl and heteroaryl-CMalkyl, C,^alkoxy-carbonyl- 
methyl, adamantyl-methyl, Cj-Tcycloalkyl-CMalkyl, aiyl-CMalkyl 
wherein aryl may be substituted and C^alkyl may be substituted by 
carbamoyl or CMalkoxy-carbonyl, or heteroaryl-CMalkyl wherein 
heteroaryl may be substituted by carbamoyl or CMalkoxy-carbonyl 
and CMalkyl may be substituted by carbamoyl, or R,4 and R15 form 
together with the nitrogen to which they are attached a heterocyclic 
residue optionally conprising a further nitrogen atom and optionally 
substituted by CMalkyl, (C,^alkoxy)-carbonyl, carbamoyl, dioxy- 
CMalkylene, aryl-CMalkyl or heteroaryl wherein heteroaryl may be 
substituted by CMalkoxy-carbonyl; 

Ri6 is H; CMalkyl; aryl-CMalkyl wherein aryl may be substituted by 
halogen, OH, amino optionaUy substituted, COOH, CF3, Cm alkoxy 
or cyano; or C3.7cycloalkyl-CMaryl; 

of a— b and a~p independently, is either a single bond or a double bond, 
in free form or in a phannaceutically acceptable salt form 
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Alkyl groups as Ra Rb, R2, R5, Rn, R12 or R13 or alkyl moieties may be branched or straight 
chain. When R, R12 or R13 is a substituted alkyl, the substituent is preferably located at the 
end of the alkyl chain and may be e.g. halogen, OH, C3-7 cycloalkyl or aryl. When Re or Rf is 
substituted Ci^alkyl, it is preferably substituted at the end of the alkyl chain. 

Cycloalkyl groups or moieties are preferably cyclopentyl or cyclohexyl. 

Aryl or aryl moiety is preferably phenyl and may be substituted, e.g. by halogen, OH, amino 
optionally substituted, COOH, CF3, Cm alkoxy or cyano, preferably by 1,2 or 3 CMalkoxy. 
Aryl-C^ alkyl is preferably phenyl-CM alkyl, e.g. benzyl or phenethyl. 

Heteroaryl is preferably derived from a 5- or 6- membered heterocycle optionally fiised to a 
benzene ring, e.g. pyrrolyl, imidazolyl, furyl, thienyl, pyridyl, indolyl etc. When R^ and R<i 
form together with the nitrogen to which they are attached a heterocyclic radical, this may be 
a 5- or 6-membered ring, e.g. pyrrolidinyl, piperidyl, piperazinyl, 4-methyl-piperazinyl. When 
one of R|4 or R15 is heteroaryl-d^alkyl, the heteroaryl moiety may be a 5- or 6- membered, 
optionally fused to a benzene ring or a heterocyclic residue, e.g. fiiryl, morpholino, 
piperazinyl or indolyl. When Ru and R15 form together with the nitrogen to which they are 
attached a heterocyclic residue, this may be e.g. pyrrolidinyl, piperidino, piperazinyl. 

When X2 and Y2 form a carbo- or heterocyclic residue, it may be e.g. cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cyclohexenyl, pyrrolidinyl, pyrrolidonyl. 

The alkylene moiety in dioxy-CMalkylene may be linear, e.g. -CH2-, -CH2-CH2-, or branched, 
e.g. =C(CH3)2. 

Compounds of formula I may exist in free form or in salt form, e.g. acid addition salts with 
e.g. organic or inorganic acids, for example, hydrochlorides, or salt forms obtainable when a 
COOH is present, as. salts with bases e.g. alkali salts such as sodium or potassium, or 
substituted or unsubstituted ammonium salts. 
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It wUl be appreciated that in the residues of formulae (i), (ii) and (iii) the carbon atoms 
bearing R4, R5, R^, R7, and Rs may be asymetric. Where in the molecule of formula I the 
stereochemistry is not indicated, it is to be understood that the present invention embraces all 
enantiomers and their mixtures. Snnilar considerations apply in relation to starting materials 
exhibiting asymetric carbon atoms as mentioned above. 

In the compounds of formula I, the following significances are preferred: 
1 . Ri is H or CH3, preferably CH3; 



2. R2 is C4^alkyl, preferably -CH(CH3)-CH2-CH3; -CH(CH2-CH2-CH3)2-; 

-CH(CH2CH3)a; 



5. R, 



7. R3 



C C^-CHj or ^\ 

CHj-CHj-CH, 



CH, 

3. R3 is a radical of formula (i); 

4. R3 is a radical of formula (iii); 
is a radical of formula (iii) wherein R, is (H,OH); 

6. R3 is a radical of formula (iii) wherein R7 is =0; 

is a radical of formula (iii) wherein Rg is OH; 



8. R3 is a radical of formula (iii) wherein R7 and Rg form together a 

dioxy-CMalkylene group or -0-C0-0-; 



9. R3 



is a radical of formula (iii) wherein Rg is NReRr; 
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10. R3 is a radical of formula (iii) wherein Rg is NHRf wherein Rf is Ci.6alkyl 

optionally substituted by OH or CMalkoxy; 

11 . R3 is a radical of formula (iii) wherein R9 is H, CH3, benzyl or propargyl; 

12. R3 is a radical of formula (iii) wherein Rio is CONR14R15; 

13. R3 is a radical of formula (iii) wherein Rio is CONHR15 wherein R15 is CMalkyl 

optionally substituted by OH; 

14. R3 is a radical of formula (iii) wherein Rio is CONHR15 wherein R15 is 

phenyl-CMalkyl or heteroaryl-CMalkyI wherein the phenyl, heteroaryl and 
CMalkyl moieties may be substituted as indicated above. Preferably phenyl is 
substituted by 1, 2 or 3 CMalkoxy, particularly OCH3; 

15. Ri5 is CH2-phenyl or CH(CO-OCH3)-phenyl wherein 

phenyl may be substituted by 1,2 or 3 Ci^alkoxy, preferably OCH3; 

16. R,5 isCH2-furylorCH(CONH2)-CH2-3-indolyl; 

17. Rio is -CONR14R15 wherein Ru and R15 form together with the nitrogen to which 

they are attached an optionally substituted piperidinyl group, e.g. substituted 
by dioxy-CMalkylene, preferably dioxy-ethylene; 

18. R3 is a radical of formula (iv). 



Among the mevinolins of formula I, the compounds of formula n 
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II 



wherein 

Ri, R2, R3 and the doted lines a — b and a — P are as defined above, 
provided that 

1) R2 is other than Cus alkyl or aryl-C,^ alkyl when Ri is H, CH3 or C2H5 and R3 is a 
radical of formula (i) wherein R4 is OH or OCH3, R5 is H or C.^ alkyl, and X, and Y, 
are = O, or 

2) R2 is other than C1-5 alkyl when R3 is a radical of formula (iii) wherein R9 is H and R|o 
is COORa, 

or salt thereof, are novel and form part of the present invention. 
Particularly preferred compounds of formula H are those wherein 

1 . R] is H or CH3, preferably CH3 

2. R2 is C4.8alkyl, preferably as disclosed above; 

3. R3 is a radical of formula (iii); 

4. R3 is a radical of formula (iii) wherein Rg is NHR, wherein Rr is C,^yl optionaUy 
substituted by OH or CMalkoxy; 

5. R3 is a radical of formula (iii) wherein R,o is C0NHR,5 wherein R.s is C,^yl optionally 
substituted by OH, preferably OH substituted CMalkyl; 

6. R3 is a radical of formula (iii) wherein R,o is CONHR.j wherein R,, is phenyl-CMalkyl 
wherein the phenyl moiety may be substituted by 1, 2 or 3 CMalkoxy, preferably OCH3. 
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The present invention also includes a process for the production of the compounds of formula 
II, comprising 

a) for the production of a compound of formula II wherein R3 is a radical of formula (i) or 
(ii) reacting a compound of formula III 



wherein a — b and a — P are as defined above, R'l has one of the significances given for Ri 
except that the OH group as Ri has to be in protected form and R'3 is a radical of formula (i) 
or (ii) 

with a conq)ound of formula IV 



wherein R2 is as defined above, or a functional derivative thereof, or 
b) converting mevmolin or conq)actin into a compound of formula I; 

and, where required, removing the protecting group, and recovering the compounds of 
formula II thus obtained in free form or in salt form. 

Where OH groups are present in the starting products which are not to participate in the 
reaction, they may be protected, in accordance with known methods. OH protecting groups 
are known in the art, e.g. t.-butyl-dimethyl-silanyl. 

Process step a) may be performed in accordance with known esterification methods. A 
functional derivative of a compound of formula IV includes e.g. an acid halogenide, ester or 
anhydride. 




Ill 



R2 COOH 



rv 
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Process stq> b) may be a substitution in position 5 or a reduction of the pyranyl residue, e.g. 
as disclosed in Example 3. The R2-CO-O- group of mevinolin may also be reduced to OH and 
then esterified to another R2-CO-O- group. To produce compounds of formula O wherein R3 
is a residue of formula (iii) where R,o is CONRmRjs, a compound of formula U wherein R3 is 
a radical of formula (i) or (u) e.g. mevinolin or compactin. may be submitted to ring opening, 
e.g. by reaction with a corresponding amine, e.g. alkylamine, HO-alkyl-amine, heterocyclic 
amine, or via the azide route. When R7 is (H,OH), it may be oxidized to =0 in accordance 
with known oxidation methods, e.g. with sulfur trioxide in form of a pyridine complex or 
according to a Swem oxidation. The preparation of compounds of formula n wherein R7 and 
Rg in the radical of formula (iii) form together a carbonate or dioxy-alkylene group, may be 
performed according to known methods, e.g. using preferably carbonyldiimidazole for the 
carbonate, or via ketal formation for the dioxy-alkylene group. 

Process step b) may also be a cyclisation of a compound of formula H wherein R3 is a radical 
of formula (iii) to produce a compound of formula H wherein R3 is a radical of formula (i) or 
(iv). The cyclisation may advantageously be performed in the presence of a base e.g. Hunig's 
base and an activating agent, e.g. trifluoromethane sulfonic anhydride. The preparation of a 
compound of formula II wherein Rj is a radical of formula (iv) may conveniently be 
performed using a compound of formula n wherein R3 is a radical of formula (iii) wherein R,o 
is CONHRis and R, is oxidized to =0. Cyclisation may be carried out by acidic treatment, 
e.g. using trifhioroacetic acid. 

Insofar as the production of the starting materials is not particularly described, the 
compounds are known or may be prepared analogously to methods known in the art, as 
disclosed by Y. Chapleur, in "Progress in the Chemical Synthesis of Antibiotics and Related 
Microbial Products", Spiringer Verlag, 1993, vol. 2, 829-93. 

The present invention fiuther provides: 

8. A cbnqiound of formula H or a pharmaceuticaUy acceptable salt thereof for use as a 
phannaceuUcal, e.g. in the treatment or prevention of disorders or diseases as indicated 
above. 
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9. A pharmaceutical conq)osition comprising a compound of formula n, or a 
pharmaceutically acceptable salt thereof in association with a pharmaceutically 
acceptable diluent or carrier therefor. 

The following examples are illustrative of the invention. 

Example 1 : 2-ethyl-butyric acid 8-[2-(4-hydroxy-6-oxo-tetrahydro-pyran-2-yl)-ethyl]-3,7- 
dimethyl- 1 ,2,3,7,8,8a-hexahydro-naphthalen- 1-yl ester 

To a solution of 152 mg (0.350 mmol) of 4-(tert-butyl-dimethyl-silanyloxy)-6-[2-(8-hydroxy- 
2,6-dimethyl-l,2,6,7,8,8a-hexahydro-naphthalen-l-yl)-ethyl]-tetrahydro-pyran-2-one in 2 ml 
of pyridine are added 927 mg (4.39 mmol) of 2-ethyl-butyric acid anhydride and the mixture 
is stirred overnight at room temperature. The reaction is quenched with saturated aqueous 
sodium bicarbonate. The aqueous phase is separated and extracted twice with methyl-t-butyl 
ether. The organic phases are conibined, washed with a 10% citric acid solution and dried 
over sodium sulfate. The crude product is dissolved in 5 ml of THF containing 75 mg (1.3 
mmol) acetic acid and 0.3 g (1 mmol) of tetrabutyl ammonium fluoride trihydrate are added. 
After 20 hours at room temperature the reaction is quenched with saturated aqueous sodium 
bicarbonate. The phases are separated and the water phase is extracted twice with ethyl 
aicetate. The organic phases are combined, washed with brine and dried over sodium sulfate. 
After evaporation of the solvent, the crude product is purified by silica gel chromatography 
(methyl-t-butyl ether) to afford the desired product which is recrystallized from diethyl 
ether/hexane. 

m.p. 1 20- 1 22*^ C (diethyl ether/hexane) 
MS (ESI) 441 (M+Na), 4 19 (M+H) 

Example 2 : 2-methyl-butyric acid 8-[2-(5-benzyl-4-hydroxy-6-oxo-tetrahydro-pyran-2-yl)- 
ethyl]-3,7-dimethyl- 1 ,2,3,7,8,8a-hexahydro-naphthalen- 1 -yl ester 

To a stirred, cooled (- 77** C) solution of 101 mg (1.00 mmol) of diisopropylamine in 5 ml of 
THF under argon are added 0.63 ml (1.0 mmol) of a 1.6 M butyllithium solution in hexane. 
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After 15 minutes, 202 mg (0.50 mmol) of mevinolin are added and the reaction mixture is 
kept at - 77° C for 30 minutes. Then 171 mg (1.0 mmol) benzyl bromide are added. After 2 
hours the reaction is let come to room tenqjerature and poured onto 0.1 N aqueous HCl. The 
phases are separated and the aqueous phase is extracted twice with ethyl acetate. The organic 
phases are combined, washed with brine and dried over sodhjm sulfate. The solvent is 
evaporated and the crude product is purified by silica gel chromatography (diethyl 
ether/hexane 2/1) to afford the desired product as a cotorless oil. 
MS (FAB) 495 (M+H), 393 

Example 3 : 2-methyl-butyric acid 8-[2-(4-hydroxy-tetrahydro-pyran-2-yl)-ethyl]-3,7- 
dimethyl- 1 ,2,3,7,8,8a-hexahydro-naphthalen- 1 -yl ester 

To a solution of 65 mg (0.15 mmol) of mevinolin in 5 ml of ethanol are added 22 mg ( 1.0 
mmol) lithium borohydride and the resuUing mixture is stined overnight at room temperature. 
The reaction is quenched with 0.1 N aqueous HQ. The phases are separated and the aqueous 
phase is extracted twice with ethyl acetate. The organic phases are combined, washed with 
brine and dried over sodium sulfate. The solvent is evaporated and the crude product purified 
by silica gel chromatography (ethyl acetate) to afford 2-methyl-butyric acid 3,7-dimethyl.8- 
(3,5,7-trihydroxy-heptyl).l,2,3,7,8,8a-hexahydro-naphthalen-l-yl ester as an oil. 
MS (ESI) 431 (M+Na), 409 (M+H) 

To a cooled (- 77° C) sohition of 73 mg (0.18 mmol) of 2-methyl-butyric acid 3,7-dimethyl- 
8-(3,5.7-trihydroxy-heptyl)-l,2,3,7,8,8a-hexahydro-naphthalen-l-ylester m 5 ml of methylene 
chloride is added 0.9 g (7 mmol) Hunig's base and 0.08 ml (0.5 mmol) triflic anhydride. After 
30 minutes the reaction is quenched with saturated aqueous sodium bicarbonate. The phases 
are separated and the water phase is extracted twice with ethyl acetate. The organic phases 
are combined, washed with brine and dried over sodium sulfate. The solvem is evaporated 
and the crude product is purified by silica gel chromatography (diethyl ether/hexane 1/4) to 
afford the desired product as a colorless oil. 
MS (FAB) 391 (M+H), 289 
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Example 4 : 2-methyl-butyric acid 8-(6-benzylcarbamoyl-3,5-dihydroxy-hexyl)0 J-dimethyl- 
1 ,2,3,7,8,8a-hexahydro-naphthlen- 1 -yl ester 

To a solution of 0.13 g (0.32 mmol) of mevinolin in 15 ml of THF are added 0.5 ml (5 mmol) 
benzylamine. The stirred reaction mixture is heated at reflux for 7 hours. After cooling to 
room temperature the reaction is diluted with 20 ml of methyl-t-butyl ether and washed 
successively with 0.1 N HCl and brine. The organic phase is then dried over sodium sulfate 
and the solvent evaporated. The crude product is purified by silica gel chromatography (ethyl 
acetate) to afford the desired product as an oil. 
MS (ESI) 534 (M+Na), 512 (M+H) 

Example 5 : Preparation of the compound 33 in Table 3 

A solution of 200 mg Mevinolin in 5 ml THF and 1 .0 ml Hydrazine-Hydrat (25% in H2O) is 
stirred at room tenqjerature for 15 hours. After concentration, the reaction mixture is diluted 
with EtOAc, washed with water and brine, dried (Na2S04), and concentrated. 2-Methyl- 
butyric acid 8-(6-hydrazinocarbonyl-3,5-dihydroxy-hexyl)-3,7-dimethyl- 1 ,2,3,7,8,8a- 
hexahydro-naphthalen-l-yl ester cristallizes ft^om Et20. 

To a stirred, cooled solution (-15*^0) of 86 mg of the above hydrazide are successively added 
1.0 ml of 5N HCl in Et20 and 0.36 ml of a 10% solution of tert.-butytaitrite in DMF. After 15 
minutes stirring at -IS'^C, 0,15 ml NEta and 0.06 ml l,4"dioxa-8-a2aspiro[4,5]decane are 
added. The reaction nuxture is stirred 15 hours at 0**C then concentrated under reduced 
pressure, dUuted with EtOAc, washed with O.IN HCl, brine, sodium bicarbonate, brine, dried 
(Na2S04) and concentrated. The product of Example 33 is obtained after cristallization with 
diisopropylether. 
MS (ESI): 548 MH® 



Example 6: 2-methyl-butyric acid 8-[3-hydroxy-5-(2-hydroxy-ethylamino)-6-(2-hydroxy- 
ethylcarbamoyl)-hexyl]-3,7-dimethyl- 1 ,2,3,7,8,8a-hexahydro-naphthalen- 1 -yl ester 
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To a stirred solution of 4.0 g (10 mmol) mevinolin in 20 ml pyridine at room temperature are 
added 20 ml acetic acid anhydride. After 1 h the reaction mixture is concentrated in-vacuo. 
The residue is dissolved with 10 ml methyl-t-butyi ether and washed successively with water. 
0.1 N HQ and brine. The organic phase is then dried over sodium sulfate and the solvent 
removed in vacuo. The crude product is purified by silica gel chromatography (methyl-t-butyl 
ether 1/3) to afford 2-methyl-butyric acid 3,7-dimethyl-8-[2-(6-bxo-3,6-dihydro-2H-pyran-2- 
yl)-ethyll-l,2,3,7,8,8a-hexahydro-naphthalen-l-yl ester) as a white powder. 

To a stirred solution of 1.2 g (3.0 mmol) (methyl-t-butyl ether 1/3) to afford 2-methyl- 
butyric acid 3.7-dimethyl-8-[2-(6-oxo-3,6-dihydro-2H-pyran-2-yI)-ethyl]- 1 ,2,3,7,8,8a- 
hexahydro-naphthalen-l-yl ester) in 10 ml THF at room tenperature are added 1.5 ml (25 
mmol) ethanol amine. After 12 h the solvent is evaporated and the residue dissolved in 10 ml 
ethyl acetate. The solution is washed with 5 ml saturated aqueous sodium bicarbonate and 5 
ml brine. The solution is then dried over sodium sulfate and the solvent evaporated to afford 
the title product as a hygroscopic foam. 
MS (ESI) 515 (M+Li), 509 (M+H). 

By foUowing the procedures as disclosed above in the Examples, but using the appropriate 
starting materials, the compounds of formula Xi 




wherein R15 is as defined in Table 1 below, may be prepared. 
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Table 1 



Ex 


Ris 


MS 


7 




ESI 


542 


Mir 


8 


^CH, -3-indolyl 
^C0NH2 




AHA 
DUO 


\>rij' 
Mil 


9 


isobutyl 


FAB 


478 


Mir 


10 


CH2-C0-0-t.butyl 






Mn 


11 




FAB 


518 


MH* 


12 




FAB 


572 


MH* 






ESI 


524 


MH- 


14 


CH2-CH2-morpholino 


ESI 


535 


MH* 


15 


0CH3 


ESI 


542 


Mir 


16 


/CH3 

CH CH 

1 \ 

CONH2 


ESI 


521 


MH- 










17 


0 


ESI 


502 


Mir 


18 


^ isobutyl 
CH 

\ 

CONH2 


FAB 


535 


MH* 


19 


^CHjOH 
CH 

^CONHj 


ESI 


507 


MH- 


20 


CH2-CO-N(CH3)2 


FAB 


507 


MH* 
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21 


COOCHj 


ESI 568 MH" 


22 


CH(CH3)-CONH2 


ESI 491 MH- 



By foUowing the procedures as disclosed above in the Examples, but using the appropriate 
starting materials, the conqwunds of formula Xj 




wherein R2 is as defined in Table 2 below, may be prepared. 

Table 2 



£x 


R2 


MS 


23 


CH(CH,-CH2-CH,), 


FAB 


557 


M+Li* 


24 


r 

C— CH,-CH, 

CH3 


FAB 


529 


M+Li* 



By following the procedures as disclosed above and below, but using the appropriate starting 
materials, the conpounds of formula X3 
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prepared. 



Ex 


R7 


R8 


Rio 


MS 


25 


OH 


piperazinyl 


CO-OC2H5 


FAB 539 M+Li* 


26 


OH 


OH 


CO-N(CH3)2 


FAB 450 MH* 


27 


OH 


OH 


/-^ 

CO N ,N COOEt 


ESI 563 MH* 


28 


OH 


OH 


CH,-CH, 

(CHj)j-OH 


ESI 494 MH^ 


29 


OH 


OH 


CO-OCK, 

-A 


ESI 562 MH' 


30 


f r 


CO-NH-CH, > 

^ 0 


ESI 542 MH* 


31 


OH 


OH 


r "I 

CO-N CH,-CH 


ESI 538 MH* 


32 


OH 


OH 


C0-N(CH3)-CHr 
CO-N(CH3)2 


ESI 521 MH* 
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wherein R7, Rs and R9 are as defined in Table 3 below, may be 



Table 3 
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33 


OH 


OH 




ESI 548 Mir 


34 • 


OH 


OH 


^^•^ 

CO 


ESI 519 Mir 


* 35 


=0 


OH 


CO-WM-CH^— -^O ^OCH, 


ESI 529 M'HCOO 


** 36 


OH 


OH 


CHj-Mi-ClJ— / O )— OCH, 


ESI 548 Mir 


*** 37 


0 

II 

? ? 


CO-MH-CH,— V 3 
2 0 


ESI 528 Mir 


38 


=o 


OH 


co-NH-CH^ — ( O y 


FAB 516 M+Li* 


39 


=o 


OH 


C0-NHCH3 


FAB 440 M+U* 


40 


OH 


OH 


CO N^^^N— CHj-C,Hs 


FAB 581 MH* 


41 


OH 


OH 


r — ^ 

CHj-NH-CH^ ({^ ^ 

0 


ESI 488 Mir 


42 


OH 


OH 




ESI 534 Mir 


43 


OH 


OH 




ESI 592 MH- 


44 


OH 


OH 


CO-MH-CH— / 0 y 


ESI 540 MH- 


^ ' OCH, 



* Oxidatio n Example (Conqjound of Ex. 35) 

A solution of 0.18 ml oxalyl chloride in 10 ml CH2CI2 is slowly treated at -60°C with 0.33 ml 
DMSO. After 15 minutes stirring at -60°C a cold sohition (-78''C) of 2-methyl-butyric acid 8- 
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[5-(tert-butyl-dimethyl-sflanyloxy)-3-hydroxy-6-(4-niethoxy-beM^^ 

dimethyl- l,2,3,7,8,8a-hexahydro-naphthalen-l-yl ester in 5 ml CH2CI2 is added. After 2 hours 
at -eO^'C, 0.80 ml of NEta is added and the temperature is slowly rised to room temperature. 
After 2 hours at room temperature the reaction is quenched with H2O. The phases are 
separated and the organic phase dried and concentrated The crude product is purified by 
silica gel chromatography (CH^Cfe/MeOH). The resulting compound is dissolved in THF and 
treated with AcOH and Bu4NF,3H20. After 30 hours the reaction mixture is concentrated, 
diluted with AcOEt and washed with H2O, sat. NaHCOa, brine, then dried (Na2S04) and 
concentrated. The crude product is purified by silica gel chromatography. Pure fi^actions are 
combined and evaporated to afford 2-methyl-butyric acid 8-[5-hydroxy-6-(4-methoxy- 
benzylcarbamoyl)-3-oxo-hexyl]-3,7-dimethyl- 1 ,23,7,8,8a-hexahydro-naphthalen- 1 -yl ester as 
foam. 

** Reduction Exanaple (Compound of Ex. 36) 

To a solution of 2.0 g 2-methyl-butyric acid 8-{2-[4-(tert-butyl-dimethyl-silanyloxy)-6-oxo- 
tetrahydropyran-2-yl]-ethyl}-3 J-dimethyl-l,23,7,8,8a-hexahydro-naphthalen-l-yl ester in 12 
ml abs. THF under argon are slowly added under stirring at -78°C 8.0 ml di-isobutyl 
aluminiumhydride (1 M) in THF. After 30 minutes stirring at -78''C, a mixture of 1.5 ml 
MeOH in 3 ml THF is slowly added. After 15 minutes, the reaction mbcture is concentrated, 
diluted with EtOAc and washed with 10% citric acid, H2O, sat. NaHCOa, brine, dried 
(Na2S04) and concentrated in vacuo. The lactol is obtained as a foam and stored at -20*'C. 
300 mg of the crude lactol in a mixture of 10 ml DMF and 1 ml AcOH under argon are 
treated with 74 mg NaCNBHa and 0.25 ml 4-methoxybenzylamine. After stirring at room 
temperature for 40 hours the reaction mixture is concentrated in vacuo, diluted with AcOEt 
and cold IN HCl and stirred for 30 minutes. The organic phase is fiirther washed with brine, 
sat. NaHCOs, brine, dried and concentrated. The crude product is purified by silica gel 
chromatography (CH2Cl2/MeOH 95:5) to afford 2-methyl-butyric acid 8-[5-(tert-butyl- 
dimethyl-silanyloxy)-3-hydroxy-7-(4-methoxy-ben2ylanuno)-heptyl]-3,7-dimethyK 
1 ,2,3,7,8,8a-hexahydro-naphthalen- 1 -yl ester. 

For deprotection the product is treated at room tenq)erature with a mixture of 2 ml THF 
containing 20 |xl AcOH and 77 mg tetrabutyl ammonium fluoride trihydrate. After stirring for 
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30 hours the reaction mixture is concentrated, dOuted with AcOEt, washed with H2O, sat. 
NaHCOa, brine, dried (NajSO^ and evqjorated. 2-Methyl-butyric acid 8-[3,5-dihydroxy-7- 
(4-methoxy-benzylaniino>heptyl]-3,7-dimethyl- 1 ,2,3,7,8,8a-hexahydro-naphthalen- 1 -yl ester 
is obtained as a foam. 

*** Conversion of Comp ound of Ex 17 into Compound of Ex 

100 mg of compound of Ex 17 in 2 ml CH2CI2 are treated with 73 mg DMAP, and 0. 13 ml 
phosgen (2 M) in toluene. After stirring at room temperature overnight, the reaction mixture 
is quenched with sodium bicarbonate. The reaction mixture is then concentrated, diluted with 
Et20 and successively washed with in HCl, H2O, sat. NaHCOj, brine, dried (Na2S04) and 
concentrated. The desired product is cristallized from Et20/diisopropylether. (DMAP = 
dimethylamino-pyridine) . 

Example 45: 2-methyl-butyric acid 8-[2-(l-ben2yl-6-oxo-l,6-dihydro-pyridin-2-yl)-ethyl]- 
3,7-dimethyl- 1 ,2,3,7,8,8a-hexahydro-niqjhthalen- 1 -yl ester 

To a stirred solution of 2.6 g ( 5.0 mmol) 2-methyl-butyric acid 8-{2-[4-(tert.-butyl- 
dimethyl-silanyloxy)-6-oxo-tetrahydro-pyran-2-yl]-ethyl)-3,7-diinethyl-l,2,3,7,8,8a- 
hexahydro-naphthalen-l-yl ester in 50 ml toluene at room temperature are added 2.0 ml ( 18 
mmol) benzylamine and 1 mg of Amberlite IP 120. The reaction mixture is heated at reflux 
for 18 hours. After cooling to room tenq)erature the mixture is filtered, washed with 10% 
aqueous citric acid and dried over sodium sulfate. The solvent is evjq)orated to afford 2- 

methyl-butyricacid8-[6-benzylcarbamoyl-5-(.tert.-butyl-dimethyl-silanyloxy)-3-hydroxy- 
hexyl]-3,7-dimethyH,2,3,7,8,8a-hexahydro-naphthalen-l-yl ester as an oil. MS (FAB) m/z 
632 ([M+U]*) 

To a stirred solution of 2.9 g (4.6 mmol) 2-methyl-butyric acid 8-[6-ben2ylcarbamoyl-5-(tert.- 
butyl-dimethyl-silanyk)xy)-3-hydroxy-hexyl]-3,7-dimethyl-l,2,3,7,8,8a-hexahydro- 
naphthalen- 1-yl ester and 5.2 ml ( 37 mmol) triethyl amme in 22 ml DMSO is added a 
solution of 4.4 g (28 mmol) SOs.pyridine complex in 22 ml DMSO. After 2 hours at room 
teiiq)erature the mixture is poured on ice and extracted twice with ethyl acetate. The 
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combined organic phases are dried over sodium sulfate and the solvent evaporated. The 
residue is chromatographed over silica gel (hexane/ethyl acetate 9/1 to 7/3) to afford 2- 
methyl-butyric acid 8-[6-benzylcarbamoyl-5-(tert.-butyl-dimethyl-silanyloxy)-3-oxo-hexyl]- 
3,7-dimethyH,2,3,7,8,8a-hexahydro-naphthalen-l-yl ester as an oil. MS (FAB) m/z 630 
([M+Li]") 

To a stirred solution of 200 mg (0.32 mmol) 2-methyl-butyric acid 8-[6-ben2ylcarbamoyl-5- 
(tert.-butyl-dimethyl-silanyloxy)-3-oxo-hexyl]-3,7-dimethyl-l,2,3,7,8,8a-hexahydro- 
naphthalen-l-yl ester in 5 ml methylene chloride are added 0.3 g (2.6 mmol) trifluoroacetic 
acid. After 2 hours at room temperature the reaction mixture is quenched with saturated 
aqeous sodium bicarbonate. The aqueous phase is separated and extracted twice with ethyl 
acetate. The combined organic phases are dried over sodium sulfate and the solvent is 
evaporated. The residue is chromatographed over silica gel (hexane/ ethyl acetate 7/3 to 2/3) 
affording the title compound as a white powder foant MS (FAB) m/z 480 ([M+Li]*) 

Example 46 : 2-methyl-butyric acid 3,7-dimethyl-8-[2-(6-oxo-l,6-dihydro-pyridin-2-yl)- 
ethyl]- 1 ,2,3,7,8,8a-hexahydro-naphthalen- 1 -yl ester 

To a stirred solution of 1.0 g (1.9 mmol) 2-methyl-butyric acid 8-[5-(ten.-butyl-dimethyl- 
silanyloxy)-6-carbamoyl-3-oxo-hexyl]-3,7-dimethyl- 1 ,2,3,7,8,8a-hexahydro-naphthalen- 1 -yl 
ester in 25 ml methylene chloride are added 0.7 g (6.5 mmol) trifluoroacetic acid. After 2 
hours at room temperature the reaction mixture is quenched with saturated aqueous sodium 
bicarbonate. The aqueous phase is separated and extracted twice with ethyl acetate. The 
combined organic phases are dried over sodium sulfate and the solvent is evaporated. The 
residue is chromatographed over silica gel (hexane/acetone 1/1) to afford the title compound 
as a white foam. MS (FAB) m/z 384 ([M+H] *) 

Example 47 : 2-methyl-butyric acid 3,7-dimethyl-8-[2-(l-methyl-6-oxo-l,6-dihydro-pyridin- 
2-yl)-ethyl]- 1 ,2,3 ,7,8,8a-hexahydro-naphthalen- 1 -yl ester 
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To a Stirred solution of 77 mg (0.2 mmol) Z^methyl-butyric acid 3,7-diinethyl-8-[2.(6-oxo- 
l,6-dihydro-pyridin-2-yl)-ethyl]-l,2,3,7,8,8a-hexahydro-naphthalen-l-yl ester in 5 ml DMF 
are added 0. 1 g (0.8 mmol) potassium carbonate and 0. 1 g (0.8 mmol) methyl iodide. After 2 
hours at room tenqwrature the mixture is poured on water. The aqueous phase is separated 
and extracted twice with ethyl acetate. The combined organic phases are dried over sodium 
sulfate and the solvent is evi^rated in vacuo. The residue is chromatographed over silica gel 
eluting with hexane/acetone 1/1 to afford the title compound as white powder. 
MS (FAB) nVz 404 ([M+Li]*) 

Example 48: 2-ethyl-butyric acid 8-[2-(l-benzyl-6-oxo-l,6-dihydro-pyridin-2-yl)-ethyl]-3,7- 
dimethyl- 1 ,2,3,7,8,8a-hexahydro-nj^hthalen- 1-yl ester 
MS(ESI): 487 M* 

Compounds of e.g. Examples 6, 15 and 33 are preferred for the prevention or treatment of 
disorders or diseases mediated by LFA-l/ICAM-1 or ICAM-3 interactions, e.g. 
ischemia/reperfusion injury, chronic graft rejection. For example, in the Jurkat CeU Assay 
disclosed hereinbefore they have an ICjo of 4, 2.2. and 1.2 ^M, respectively. In the murine 
thioglycoUate induced peritonitis model ttie compounds of e.g. Ex. 6 and 33 fuUy inhibit the 
neutrophil migration when administered s.c. at a dose of 1 and 0.1 mg/kg, respectively. 
It is therefore indicated that for tiie treatment or prevention of these disorders or diseases, 
the con^unds may be administered to humans at a daily dosage from 5 to 750 mg. 
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CLAIMS 



1 . A conq)ound for use in the treatment and/or prevention of autoimmune diseases, acute 
or chronic inflannnatory diseases, ischemia/reperfusion injury, acute or chronic 
rejection of organ or tissue aUo- or xenografts or infection diseases by virtue of its 
LFA-1 inhibitory activity. 

2. A compound which binds in whole or in part to the south pole pocket of LFA-1 I- 
domain defmed by the amino acids Val 130, Leu 132, Phe 134, Phe 153, Val 157, Leu 
161, Tyr 166, Thr 231, Val 233, He 235, He 255, Tyr 257, He 259, Lys 287, Leu 298, 
Glu301,Leu302,Lys305, 

in free form or in pharmaceutically acceptable salt form, 
for use as a LFA-1 antagonist. 

3. A compound according to claim 1 or 2 which is a mevinolin. 

4. A compound according to claim 1 or 2, wherein the conpound is a mevinolin of 
formula I 




I 



wherein 
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is 

•••»H 1 1 



C^^alkyl or ^OR^. 

Ra is H; alkyl; Ci^ alkyl substituted by OH or Cm alkoxy; alkenyl; or aryl- 
Cm alkyl; 

R2 is Ci-galkyl, Cs-Tcycloalkyl, aryl, heteroaryL Ca-ycycloalkyl-CMalkyl, aryl- 

CMalkyl or heteroaryl-CMalkyl; 
R3 is a radical of formula (i), (ii), (iii) or (iv) 





CH2- 

(i) (ii) (iii) or (iv) 

wherein Xi and Y| are (H,H), (H,OH) or =0; 

X2 and Y2 are =0 or (R,R) wherein each R independently is H, C1.3 alkyl, 
substituted C1.3 alkyl or X2 and Y2 form together with the cabon atom 
to which they are bound a 4-, 5-, 6- or 7- membered carbo- or 
heterocyclic residue, 

R4 is ORa wherein Ra is as defined above; or -0-CORb wherein Rb is Ci-g 
alkyl optionally substituted by OH, C3-7 cycloalkyl, 
C3.7 cycloalkyl-CM alkyl, aryl, aryl-CM alkyl, heteroaryl or 
heteroaryl-CM alkyl; or NRcRd wherein each of Rc and Ra, 
independently, is CMalkyl or form together with the nitrogen to 
which they are bound a heterocyclic radical optionaUy comprising an 
oxygen or another nitrogen atom; 

R5 is H, Cm alkyl, C3.9 alkenyl, C3.9 alkynyl, aryl-CM alkyl, or C3.7 
cycloalkyl-Ci-4 alkyl; 
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Re is -CHRn-CO-NRi2Ri3 wherein Rn has one of the significances as 
given for R5 and each R12 and R13, independently, is H, Ci^ alkyl, or 
substituted Cm alkyl; 

R7 is =0 or (H,OH); 

Rs is ORa; or NR^Rf wherein each of Re and Rf, independently, is H, 
Ci^alkyl, Ci^alkyl substituted by OH or CMalkoxy, or a S-membered 
heterocyclic residue; 

or R7 and Rg together form a dioxy-CMalkylene group or -0-C0-0-; 

R9 has one of the significances given for R5; 

Rio is COORa; CHsORc wherein is Ra or CORb; or CONRuRis or 
CH2NR14R15 wherein each of Ru and R15 independently is CMalkyl, 
hydroxy substituted CMalkyl, carbamoyl-methyl, (CMalkyl)- 
carbamoyl-methyl or di(CMalkyl)-carbamoyl-methyl, or one of Rm 
and Ri5 is hydrogen and the other is Ci^alkyl, Ci^alkyl substituted by 
OH and/or a group selected from carbamoyl, (CMalkyl)-carbamoyl. 
di(CMalkyl)-carbamoyl and heteroaryl-CMalkyl, Ci^alkoxy-carbonyl- 
methyl, adamantyl-methyl, Cs-Tcycloalkyl-CMalkyl, aryl-CMalkyl 
wherein aryl may be substituted and CMalkyl may be substituted by 
carbamoyl or Ci^alkoxy-carbonyl, or heteroaryl-CMalkyl wherein 
heteroaryl may be substituted by carbamoyl or CMalkoxy-carbonyl 
and CMalkyl may be substituted by carbamoyl, or R14 and Ris form 
together with the nitrogen to which they are attached a heterocyclic 
residue optionally comprising a further nitrogen atom and optionaDy 
substituted by CMalkyl, (CMalkoxy)-carbonyl, carbamoyl, dioxy- 
CMalkylene, aryl-CMalkyl or heteroaryl wherein heteroaryl may be 
substituted by CMalkoxy-carbonyl; 
R16 is H; Ci^alkyl; aryl-CMalkyl wherein aryl may be substituted by 
halogen, OH, amino optionally substituted, COOH, CF3, Cm alkoxy 
or cyano; or C3.7cycloalkyl-CMaryl; 
each of a—b and a — 15 independently, is either a single bond or a double bond. 
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in free form or in a pharmaceutically acceptable salt form. 

5. A conq)ound according to claim 4, wherein Ri is H or CH3; Rj is C4.8alkyl; and 
R3 is a radical of formula (i), (iii) or (iv) as defined in claim 4. 

6. A compound of formula 11 




II 



wherein 

Ri, R2, R3 and the doted lines a— b and a — p are as defined in claim 4, 
provided that 

1 ) R2 is other than C1.5 alkyl or aryl-Ci^ alkyl when R, is H, CH3 or C2H5 and R3 
is a radical of formula (i) wherein R4 is OH or OCH3, R5 is H or Cm alkyl, and 
Xi and Yi are = O, or 

2) R2 is other than C1.5 alkyl when R3 is a radical of formula (iii) wherein R9 is H 
and R,o is COORa, 

in free form or in salt foniL 

A compound according to claim 6, wherein R, is H or CH3, R2 is C4^alkyl and R3 is a 
radical of formula (iii) wherein R9 is other than H and Rio is other than COORa. 

A pharmaceutical composition comprising a compound of formula II, in free form or 
in pharmaceuticaDy acceptable salt form in association with a pharmaceutically 
acceptable diluent or carrier therefor. 
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9. A pharmaceutical composition for use as LFA-1 antagonist, comprising a compound 
which binds in whole or in part to the south pole pocket of LFA-I I-domain defined 
by the amino acids Val 130, Leu 132, Phe 134, Phe 153, Val 157, Leu 161, Tyr 166, 
Thr 231, Val 233, He 235, He 255, Tyr 257, He 259, Lys 287, Leu 298, Glu 301, Leu 
302, Lys 305, 

in free form or in pharmaceutically acceptable salt form, 

in association with a pharmaceutically acceptable diluent or carrier therefor. 

10. A method for preventing or treating disorders or diseases mediated by LFA- 1/ICAM- 
1 interactions, which method comprises administering to said subject an effective 
amount of a compound which which binds in whole or in part to the south pole pocket 
of LFA-1 I-domain defined by the amino acids Val 130, Leu 132, Phe 134, Phe 153, 
Val 157, Leu 161, Tyr 166, Thr 231, Val 233, De 235, He 255, Tyr 257, He 259, Lys 
287, Leu 298, Glu 301, Leu 302, Lys 305, 

in free form or in phammceutically acceptable salt form 

11. A method for producing a chemical entity or ligand which associates with the LFA- 1 
I-domain south pole pocket comprising the steps of: 

a. employing computational means to perform a fitting operation between the 
chemical entity and the south pole pocket; and 

b. analyzing the results of said fitting operation to quantify the association 
between the chemical entity and the south pole pocket. 
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